Background
Malaria is a major public health problem in endemic countries and is associated with significant morbidity and mortality. Renal complications can be caused by malaria, including acute kidney injury (AKI), glomerular disease, and progressive renal injury in some instances resulting in end-stage renal disease (ESRD) requiring maintenance dialysis. The incidence of AKI due to P. falciparum is 1-5% and as high as 30% in residents of endemic and non-endemic areas, respectively, with a mortality rate approaching 15-45% in malaria-naïve adults without innate immunity [1] . The more common glomerular lesions associated with malaria are mesangioproliferative glomerulonephritis, membranoproliferative glomerulonephritis, and diffuse proliferative glomerulonephritis. Minimal change disease, IgA nephropathy, membranous nephropathy, and focal segmental glomerulosclerosis (FSGS) are rarely seen [2, 3] . Of the latter, there are only 4 reported cases of collapsing focal segmental glomerulosclerosis (cFSGS) with P. falciparum [4] [5] [6] [7] . Herein, we report an additional case of cFSGS with P. falciparum complicated by acute interstitial nephritis.
Case Report
A 64-year-old Nigerian man with a history of hypertension and chronic kidney disease (CKD) stage 3 with a baseline serum creatinine concentration of 1.8 mg/dL thought to be due to hypertensive nephropathy presented with paroxysmal fever, chills, malaise, myalgia, arthralgia, and watery diarrhea. These symptoms occurred 3-4 days after returning from Nigeria following a long absence from that country. In the Emergency Department, he was hypotensive, with an otherwise unremarkable physical examination. The initial laboratory data (Table 1) demonstrated a hemoglobin of 14.4 g/dL, a platelet count of 61 000 platelets/µL, an LDH of 1677 IU/L (reference range 313-618 IU/L), and a CPK of 116 U/L (reference range 55-170 U/L). A peripheral thin blood smear prepared by Wright's stain showed P. falciparum infection, with a parasitemia of 2.5%. There was no evidence of acute hemolysis. Total bilirubin and indirect bilirubin were normal, at 0.7 mg/dL and 0.6 mg/dL, respectively, and haptoglobin was not reduced (158 mg/dL). His BUN and serum creatinine increased to 43 mg/dL and 5.13 mg/dL, respectively, with an otherwise normal basic metabolic panel. The urine dipstick showed >300 mg/dL protein and urine analysis showed >50 RBCs/HPF and 0-3 WBCs/HPF. A subsequent spot urine protein-to-creatinine ratio demonstrated 27.2 g/g. Despite a hemodynamic response to fluid resuscitation and effective treatment of malaria with atovaquone/proguanil hydrochloride 250/100 mg daily for 3 days according to CDC recommendations, he remained oliguric and his renal function continued to deteriorate. On the 9 th day of hospitalization, his BUN and serum creatinine peaked at 85 mg/dL and 18 mg/dL, respectively, and renal replacement therapy was initiated. A renal sonogram demonstrated normal-sized but hyperechogenic kidneys.
A renal biopsy on light microscopy demonstrated cFSGS with moderate interstitial fibrosis, acute tubular injury with proteinaceous casts, and a dense T cell lymphoplasmacytic infiltrate throughout, consistent with both an acute and chronic interstitial nephritis (Figures 1, 2 ). Immunofluorescence staining for IgG, IgA, IgM, C3, C1q, kappa, lambda, albumin, and fibrinogen was negative. Electron microscopic findings demonstrated podocyte injury with vacuolization and protein droplets.
There was global effacement of the foot processes and there were no sub-epithelial, intramembranous, sub-endothelial, or mesangial immune-type electron-dense deposits. There was a mild increase in mesangial matrix deposition and the tubules showed signs of acute tubular injury with nuclear dropout.
An additional workup included normal serum complement levels and no evidence of monoclonal gammopathy by urine and serum electrophoresis. Serological assays were negative for anti-nuclear antibodies, anti-neutrophil cytoplasmic antibodies, hepatitis B and C viruses, human immunodeficiency virus (HIV), cytomegalovirus, and parvovirus B19.
The patient had been taking hydrochlorothiazide 25 mg daily for hypertension at home. During hospitalization, he received oral amlodipine 10 mg daily and enalapril 10 mg daily. Despite receiving a prolonged course of oral prednisone 60 mg daily for 3 months to treat his interstitial nephritis without developing any sign of infection, his renal function never recovered and he remained dialysis-dependent and died at home from an unknown cause.
Discussion
FSGS is generally divided into primary and secondary forms.
In the primary form, response to immunosuppressive therapy varies with the histological variant, with cFSGS being the least likely to respond to immunosuppressive therapy and often having an inexorable course to ESRD, with or without therapy. When associated with the apolipoprotein A1 (APOL1) risk alleles, the prognosis of FSGS is worse [8] .
In primary FSGS with nephrotic syndrome, glucocorticoids are recommended as an initial therapy, and the duration of treatment is variable, depending upon response to and toxicity from steroids. In steroid-resistant FSGS or when steroids are relatively or absolutely contraindicated, immunosuppressive therapy with calcineurin inhibitors (CNIs) is considered the initial alternative treatment. In cases where CNIs are contraindicated or ineffective, mycophenolate mofetil, adrenocorticopic hormone, or rituximab can be considered an alternative therapy, with the latter being more useful in steroid-dependent patients.
The secondary form includes genetic, autoimmune, infectious, and drug-induced etiologies, and variants mediated by adaptive responses to a reduction in functional renal parenchyma.
In the cFSGS variant associated with infection, it is likely that podocytes are injured directly by the infectious agent, which results in cellular dedifferentiation, parietal epithelial cell proliferation, and consequent loss of glomerular filtration. The detection of parvovirus B19 in renal epithelial cells associated with cFSGS, and a similar association with HIV disease, support this supposition [9] . To date, such a direct association, however, has not been demonstrated with malaria. In addition to malaria, among others, infection associated with cFSGS has been described with HIV, cytomegalovirus, parvovirus B19, Epstein-Barr virus, schistosomiasis, and filariasis [8] . The association with parasitic infection is likely a rare event given the frequency of these infections worldwide. However, when secondary FSGS is due to infection, treatment of the underlying infection is the most important therapy, and when secondary FSGS is due to nephron loss, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers are the preferred treatment.
Malaria-induced renal injury is most commonly associated with hemolysis and pigment-induced acute tubular necrosis (ATN) [10] . Although glomerular involvement is not uncommon, malaria-associated cFSGS is extremely rare and has only been described in 4 other cases in the literature. The therapeutic approach to infection-associated cFSGS is to eradicate the infecting agent, since therapy for even primary cFSGS is usually unsuccessful [11] . Treatment with corticosteroids should be considered only when given as therapy for extrarenal manifestations after the parasite is eradicated. For example, corticosteroids have been utilized in the treatment of encephalitis and in the hemophagocytic syndrome accompanying malaria [12, 13] .
The 64-year-old patient described in this report had baseline renal dysfunction, most likely secondary to hypertensive nephropathy, with a baseline serum creatinine of 1.8 mg/dL and an eGFR of approximately 45 ml/min/1.73 m 2 . Unfortunately, there was rapid deterioration in renal function despite clearing the infection and restoration of systemic hemodynamics. Renal biopsy showed typical findings of cFSGS. Associations with diseases other than malaria were virtually eliminated since the patient was HIV-negative and serological assays for other known potential causes for cFSGS were negative. It is important to note, however, that there were changes of chronic and intense acute interstitial nephritis, prompting us to utilize prednisone in an effort to treat the acute interstitial nephritis to improve renal function. The use of corticosteroids in acute interstitial nephritis based upon retrospective studies is recommended, and earlier treatment is usually more successful [14, 15] . Unfortunately, our patient did not respond to prolonged corticosteroid therapy and required ongoing maintenance hemodialysis for 3 months before he died. High-dose steroid therapy for acute interstitial nephritis has been safely administered for approximately 12 weeks with no differentiation noted between dialysis-dependent vs. non-dialysis-dependent patients [15] . Although necrotic tubular cells were demonstrated on light microscopy, this was not secondary to heme-induced ATN, since the hemolysis work up did not support this diagnosis, making ATN secondary to the initial hemodynamic compromise the likely cause. This is evident by the lack of a discrepancy between urine microscopic examination of red cells and dipstick detection of hematuria on urinalysis, which is usually present with hemolysis. As stated previously, 4 other reports of cFSGS associated with malaria have been described in the literature ( Table 2) . Two of these 4 cases never recovered renal function [4, 5] . Common to both of these patients was that they were older (72 and 62 years old, respectively) with co-morbidities. One had baseline renal dysfunction and the other was diabetic and hypertensive. Both had ATN in addition to the cFSGS. Neither of these patients received corticosteroid therapy and they became irreversibly dialysis-dependent. Our patient was similar to both of these regarding old age and co-morbidities; however, our patient had acute interstitial nephritis that did not respond to corticosteroids. It is unknown whether the cFSGS was associated with the APOL1 risk allele variant in any of these patients, which, if present, may have contributed to the poor outcomes.
Two of the patients, however, did recover [6, 7] . Both were younger (12 and 37 years old, respectively) and had no co-morbidities. The 12-year-old patient's course, although complicated by posterior reversible encephalopathy associated with accelerated hypertension, recovered renal function without corticosteroids after a period of dialysis dependency of approximately 12 weeks. The 37-year-old patient recovered renal function after 3 weeks of maintenance dialysis. After clearing of the parasitic infection, the patient received pulses of methylprednisolone at 10 mg/kg per day for 3 days followed by 1 mg of prednisone/kg per day. After 3 months, corticosteroids were gradually tapered and then discontinued at 6 months. At the end of treatment, the patient had normal renal function. It is important to note that this patient had hemophagocytic syndrome associated with malaria, which is characterized by primary uncontrolled T cell activation followed by an intense cytokine burst involving pro-inflammatory cytokines, TNF alpha, IL-6, and IL-b [7] . There are 9 reported cases of nephrotic syndrome and acute renal failure associated with hemophagocytic syndrome reported with other hematologic diseases unrelated to malaria. The aforementioned intense inflammatory response is likely to be responsive to corticosteroids, thus making renal recovery more likely in these reported cases.
Conclusions
Although ATN is the most common renal manifestation of malaria, and other glomerulopathies may be seen, it is rarely associated with cFSGS. When present, the prognosis appears to be related to the age of the patient and co-morbidities at the time of presentation. The use of corticosteroids is generally unsuccessful in improving the renal outcome unless malaria is associated with the hemophagocytic syndrome. Therefore, rapid clearing of the parasite and supportive care offer the best possibility for renal improvement. Our patient had both cFSGS and acute interstitial nephritis, complicating chronic kidney disease, which unfortunately did not respond to corticosteroid therapy. To the best of our knowledge, this is the first case report of P. falciparum malaria associated with acute interstitial nephritis complicating cFSGS.
